We herein present the case of a 54-year-old Japanese woman with Whipple disease diagnosed with polymerase chain reaction (PCR) using formalin-fixed paraffin-embedded (FFPE) specimens. The patient complained of weight loss, diarrhea and arthralgia. An endoscopic examination revealed swollen villi in the duodenum and ileum. Pathology demonstrated the presence of numerous macrophages filled with diastaseresistant PAS-positive particles. PCR using FFPE specimens amplified a fragment of 16S rDNA from Tropheryma whipplei. After the administration of ceftriaxone followed by trimethoprim/sulfamethoxazole, no signs of recurrence were observed for two years. The use of FFPE specimens for PCR should be considered for the prompt diagnosis and prevention of disease progression.
Introduction
Whipple disease (WD) is a chronic inflammatory disease caused by the Gram-positive bacillus Tropheryma whipplei (1, 2) . The microorganism affects multiple organs such as the gastrointestinal tract, heart, lungs and central nervous system (CNS). The bacillus is identified as diastase-resistant periodic acid-Schiff (PAS)-positive particles in macrophages. A definitive diagnosis requires the identification of T. whipplei on immunostaining, electron microscopy or a polymerase chain reaction (PCR) analysis of the microorganism's genes. Fresh tissues are usually used for PCR analyses. We herein report a case of WD in which the diagnosis was confirmed with a PCR analysis using formalin-fixed paraffinembedded (FFPE) specimens biopsied from intestinal tissues. terminal ileum, the villi formed a coral reef-like lesion (Fig. 1A, B) . Biopsy specimens taken from the duodenum and ileum were fixed in formalin and subjected to a pathological examination. Based on the pathology and a PCR analysis of T. whipplei 16S rDNA, a diagnosis of WD was made. Antibiotic therapy was initiated with administration of ceftriaxone (CTRX) 2 g/day for two weeks followed by 320 mg of trimethoprim and 1,600 mg of sulfamethoxazole (TMP/SMZ) daily. The patient's general condition improved; however, her fever remained. Thick villi were still present in the duodenum on an endoscopic examination performed three months after treatment (Fig. 1D) . The villi returned to normal one year after treatment. The results of PCR analyses of T. whipplei 16S rDNA performed at three months and one year were negative. Treatment with TMP/ SMZ was discontinued after one year, and there has been no exacerbation of the disease for two years.
Pathological findings
The biopsy specimens were fixed in 10% buffered formalin and embedded in paraffin. Four-μm-thick sections were stained with Hematoxylin and Eosin (H&E), periodic acidSchiff (PAS), Warthin-Starry and acid-fast stainings.
On the H&E sections, there appeared many polypoid projections of thick villi in the mucosa of the duodenum and ileum ( Fig. 2A) . Aggregation of foamy macrophages was noted in the lamina propria of the mucosa and submucosa of the villi (Fig. 2B ). Numerous diastase-resistant PAS-positive particles were present in the cytoplasm of the macrophages (Fig. 2C) , some of which appeared as rod-shape (Fig. 2D ). The particles were positive for Warthin-Starry staining ( Fig. 2E ) and negative for acid-fast staining (Fig. 2F ). In the biopsy specimens obtained three months after treatment, swollen villi were still present (Fig. 2G ), as were PASpositive particles in the macrophages (Fig. 2H ).
PCR analysis of Tropheryma whipplei 16S rDNA
Template DNA was extracted from the FFPE specimens using the DNeasy Blood and Tissue Kit (QIAGEN, K.K., Tokyo, Japan). Briefly, five slices of paraffin sections were deparaffinized with xylene and ethanol. The sections were completely lysed in the ATL buffer with proteinase K at 56 and DNA was extracted using standard protocol. T. whipplei 16S rDNA was amplified with the primers reported by Relman (3): the forward primer was pW3FE: 5'-AGA GAT ACG CCC CCC GCA A-3' and the reverse primer was pW 2RB: 5'-ATT CGC TCC ACC TTG CGA-3' (Fig. 3A) . The PCR mixture consisted of 50 μL of 1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 200 nM pW3FE and pW2RB, 1 U AmpliTaq Gold (Applied Biosystems, Inc., Tokyo, Japan) and 50 ng of extracted DNA as the template. The PCR reaction was with initial denaturation at 96 for 10 minutes followed by 40 cycles at 96 for one minute, 55 for one minute and 72 for one minute. Final extension was then completed at 72 for seven minutes. The PCR products were electrophoresed in a 3% agarose gel.
A single band was amplified from the duodenum and ileum taken during the initial endoscopic examination (Fig. 3B) . No amplification was obtained in another controlled case of duodenal ulcers. The amplified product was 266 base pairs in length, and the sequence was homologous to the sequence of T. whipplei 16S rDNA in GenBank (AE 014184) (Fig. 3A) . No amplification was observed in the sample taken three months after treatment (Fig. 3C ).
Discussion
Making a definitive diagnosis of WD requires confirmation of T. whipplei on immunostaining, electron microscopy or a PCR analysis of the microorganism's genes (2) . Culturing the bacterium is difficult, with only a limited number of facilities successfully performing the process worldwide. Conducting a histological examination in combination with special stains is necessary to exclude infections by other microorganisms. The Warthin-Starry method positively stained the bacilli in the current case. Acid-fast staining is necessary to differentiate WD from mycobacterial infection because some species, such as Mycobacterium intracellulare and M. genavense, are positive for PAS (4) . The use of immunostaining for T. whipplei in order to make a diagnosis has been reported in the literature (5); however, antibodies are not available for routine diagnosis. An electron microscopic examination was not performed in this case because it takes a long time for diagnosis.
The PCR method we employed to amplify T. whipplei gene is rapid, specific and sensitive. To date, fresh biopsy samples have commonly been used for PCR analyses. It has also been shown that the sensitivity of PCR using FFPE specimens is comparable to that using fresh tissues (6) . With the use of the primer set specific to T. whipplei (3), the fragment of T. whipplei 16S rDNA was successfully amplified in the current case. The amplified products were confirmed to be homologous to T. whipplei based on sequencing, thus negating a false-positive reaction with other microorganisms (7). In the current case, although both the duodenum and ileum were affected, the ileal mucosa showed a more pronounced expression of swollen villi. Biopsy specimens obtained during endoscopic examinations are usually fixed in formalin immediately after sampling. Even when WD is suspected in an FFPE biopsy specimen, it is not always feasible to repeat an endoscopic examination of the lower gastrointestinal tract for sampling of fresh tissue from the ileum. Therefore, the use of FFPE specimens for PCR analyses should be considered in the retrospective evaluation and diagnosis of WD.
Only five Japanese cases, including the current case, have been reported in the literature (Table) (8) (9) (10) (11) . Nine additional cases were reported in the form of abstracts (12) (13) (14) (15) (16) (17) (18) (19) (20) . Most of the patients were in the fifth decade of life and presented with weight loss, diarrhea, fever and arthralgia. In three cases, the diagnosis of WD was confirmed on electron microscopy (8, 9, 11) . In one case, the diagnosis was confirmed at autopsy. A PCR analysis using fresh tissue was applied in one case (9) , while the current case is the first Japanese case diagnosed with PCR using FFPE specimens. The disease was diagnosed more than six months after the patient presented with symptoms. In the current case, the diagnosis was obtained with PCR using FFPE specimens, and antibiotic treatment was immediately initiated. To prevent CNS involvement, prompt diagnosis and early initiation of Although the treatment regimen remains controversial (2), the current standard is to initiate CTRX for two weeks followed by TMP/SMZ for at least one year. PAS-positive particles remain in the cytoplasm of macrophages for several months, even when antibiotic treatment is effective (21) . A PCR analysis is used to evaluate the efficacy of antibiotics, although obtaining negative results in a PCR analysis does not necessarily indicate eradication of a microorganism (21) . The continued presence of PAS-positive particles in macrophages may indicate a risk of CNS relapse. Although no neurological symptoms are evident in the current case two years after treatment, careful long-term follow-up is required.
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